Study objective: We differentiate risk factors for future homicide victimization and offending, and we measure emergency department (ED) use among homicide victims, offenders, and controls.
Results: Among the 124 victims and 138 offenders who used health care, most were men (80%) and averaged 27.7 years of age. Victims and offenders had similar health care use and were grouped for final analyses. Cases (victims and offenders) were more likely to have had an ED visit within 3 years of the homicide (85%) compared with controls (59%) (odds ratio [OR] 4.3; 95% confidence interval [CI] 3.0 to 6.2). Within previous ED visits, assault (OR 4.5; 95% CI 2.9 to 7.0), firearm injury (OR 13.6; 95% CI 4.9 to 37.7), and substance abuse (OR 3.7; 95% CI 2.2 to 6.0) were associated with future homicide. ED visits clustered closer to the homicide incident for cases (median days before the homicide ÿ402 days; 95% CI ÿ434 to ÿ364) compared with controls (median ÿ487 days; 95% CI ÿ498 to ÿ474).
Conclusion:
Patients with ED visits for assault, firearm injuries, and substance abuse are at increased risk for homicide and often have an escalating number of visits leading up to the homicide event. ED-based identification and referral programs similar to those used for intimate partner violence or other preventive strategies should be considered for this high-risk population. 
Editor's Capsule Summary
What is already known on this topic Many offenders and victims of violence are treated in emergency departments (EDs) for other problems previous to their injuries.
What question this study addressed
This study examined ED use over 6 years to determine whether patients who became homicide victims or offenders could be identified in advance when compared with other ED patients.
What this study adds to our knowledge Among 124 victims and 138 offenders, patients with visits for assault, firearm injury, or substance abuse were more likely to be involved later in a homicide. In addition, ED visits increased in frequency before the homicide incident.
How this might change clinical practice
This study could lead to development of screening tools to identify in the ED patients more likely to become homicide victims or perpetrators.
I N T R O D U C T I O N

Background
Homicide is now the number 2 cause of death for people aged 15 to 24 years, making it a major public health priority. 1 Several factors are associated with homicide, including alcohol and drug use, 2,3 ethnicity, 4, 5 gang participation, 2,5 firearms, 2,5-8 poverty, 5 and mental illness. 9 Most attempts to decrease homicide have been conducted through the criminal justice system and have emphasized punishment and other deterrents, including the death penalty, to prevent homicide. 2 Public health agencies nationally and worldwide, however, increasingly view violence as a problem that demands a public health response. 1 Most previous public health research on homicide prevention has focused on victims of abuse. In one study, 44% of intimate partner violence homicide victims had previous emergency department (ED) visits, and 93% of these were injury-related visits. 10 Additionally, a significant proportion of intimate partner violence homicide victims have evidence of recent previous injury on autopsy. 10, 11 If these patterns hold for other types of homicide, then efforts such as those aimed at early recognition and referral of intimate partner violence victims by health care workers can serve as a model for reducing all forms of homicide.
Importance
Despite much scientific investigation of homicide victimization and offending, there has been little investigation of ED utilization before the homicide event. Such an investigation could demonstrate the usefulness of health care data to identify future homicide victims and offenders by identifying risk factors associated with homicide and examining patterns of ED use in the weeks and months leading up to the homicide event. Additionally, this analysis would allow for a comparison of healthrelated characteristics of victims and offenders of homicide, a group that has been suggested to be similar. 12, 13 The information obtained could be useful in the development of risk profiles and target individuals, both potential victims and offenders, for intervention before the homicide event.
Goals of This Investigation
We identified homicide victims and offenders and compared them with controls to characterize ED and other health care system utilization before the violent incident. Our goal was to identify patterns and factors that might prospectively identify individuals at increased risk of future violence.
M A T E R I A L S A N D M E T H O D S
Theoretical Model of the Problem
There is a growing body of criminological theory and research to suggest that violent victimization and offending are intricately linked. This work is framed by lifestyle/ routine activities theory. 12, 13 According to this theory, a criminal event occurs when a motivated offender, a suitable target or victim, and the absence of capable guardianship converge. The theory further argues that certain individuals are more likely than others to experience this convergence. The likelihood of violence is determined by variation in lifestyles (particularly vocational and leisure activities), which are largely shaped by demographic and social characteristics. Many lifestyles are associated with risky activities and behavior, such as drinking and driving, alcohol and drug use, and ownership of weapons. Ultimately, it is these high-risk lifestyles that increase an individual's chances for victimization and offending. From this perspective, victims and offenders of violent crime have common characteristics that distinguish them from the general population. Because these distinctions manifest as high-risk behaviors, they increase the likelihood of injuries and illnesses, [14] [15] [16] which often result in ED visits. As such, the ED offers an ideal location for screening individuals at risk for future involvement in violence according to demographic, social, behavioral, and visit characteristics.
Study Design
We used a matched case-control design to compare homicide victims and offenders with age-and sexmatched controls to measure the association of previous health care visits and subsequent violence. 
Selection of Participants
Cases were derived from the population of policeidentified Bernalillo County homicide victims and offenders from incidents that occurred between January 1, 1996, and December 31, 2001 . Homicide victims and offenders who linked to physician billing records and who had a health care encounter that generated a physician bill within the 3 years preceding the homicide incident defined a case. Of the 361 homicide victims and 400 offenders from incidents during the study period, a similar proportion of victims (N=195, 54%) and offenders (N=236, 59%) linked to health care records during the previous 10 years (proportion difference 25%; 95% confidence interval [CI] 212% to 2%). Among the homicide victims and offenders who linked to health care records, a slightly greater percentage were Hispanic (linked 61.3%; unlinked 56.5%) and were from poorer communities (percentage of residents in the subject's census block group below poverty level; linked 25.3%; unlinked 22.9%) than those who did not link. Of those who linked, a similar proportion of victims (N=124, 64%) and offenders (N=138, 59%) used health care at the University of New Mexico Health Sciences Center in the 3 years leading up to the homicide incident (proportion difference 5%; 95% CI 22% to 12%).
Age-and sex-matched controls who had used health care in the University of New Mexico Health Sciences Center system were selected from the physician billing records. A sampling frame of all potential age-and sexmatched controls was selected from the billing database. Age was matched to within ±1 year to their control. Age was measured for cases and controls at the homicide incident. Just as the list of cases was restricted to those who had had a health care encounter in the 3 years before the homicide incident, so also we imposed this same criterion on the controls. The list of controls was limited to only those individuals who had at least 1 billing record in the 3 years before their matched pair's homicide incident date. This constraint allowed us to examine the distribution of the control's visits relative to a fixed date while adjusting for the seasonality of health care visits and trauma. For the small number of cases without sex information (N=24), controls were matched only to age. Controls were randomly sampled without replacement from the sampling frame. Because of the rarity of some of the exposures, especially among the controls (eg, firearmrelated visit), 5 controls per case were drawn to increase statistical power. In a few instances, the control selection routine identified only 4 controls (N=17) or 3 controls (N=2), yielding 21 fewer controls than the 1,310 predicted.
Methods of Measurement
Health care use was measured from physician billing records for visits to the University of New Mexico Health Sciences Center hospitals and affiliated clinics. The University of New Mexico Health Sciences Center uses a single university-affiliated billing agency. Demographic data from the homicide victim and offender criminal justice data were linked to health care records using last name, first name, sex, date of birth, and social security number.
The billing records are itemized by invoice and represent each separate billable item. Each billing invoice can have up to 4 International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnostic and Current Procedural Terminology codes. The initial analysis dichotomized case and control exposures into ever/ never categories for particular health care encounter (eg, an ED visit for substance abuse or a firearm injury-related visit). Each health care visit type was coded as ''1'' for having the particular visit type characteristic (eg, ED visit) and ''0'' for not having the visit type characteristic (eg, no ED visit). Table 1 lists the diagnostic and visit type classifications by ICD-9-CM codes. Unless otherwise specified, all subsequent decimal ICD-9-CM codes were included within the range (eg, 290.1 and 290.2 were included with code 290; 305.31 was included with 305.3). Health care encounters resulting from the homicide incident itself were not included.
We defined a health care encounter as a unique day for which health care was obtained. When more than 1 visit occurred on any day, it was difficult to determine reliably which invoices were associated with which specific visit; therefore, we could not distinguish between multiple encounters on any given day. For this reason, visits on the same day were combined, and subjects could only have visit per day.
The time (in days) between the health care encounter and the homicide incident for cases and controls was measured by subtracting the date of the health care encounter from the date of the homicide incident for the case or that of their matched pair for the controls ( Figure 1 ).
Outcome Measures
We calculated the odds of key health care encounter visit types for cases and compared them with the odds observed for controls. Consistent with the theoretical model, health care encounter types were selected to represent various behaviors associated with risky lifestyles. Specific ED health encounters that were hypothesized a priori as associated with case-control status included visits for injury, assault, firearm injury, alcohol, drugs, and mental illness.
Primary Data Analysis
The number and type of health care visits, in particular ED visits, were compared between cases and controls in the 3 years before the homicide. Figure 1 provides a schema of the comparisons between cases and controls. We analyzed victims and offenders separately and then combined them for later analyses because their results were similar. Matched pair odds ratios (ORs) were used as the measure of association between case and control status and the dichotomous exposure factors of interest.
We also compared the absolute and relative differences in the number of visits between cases and controls. The number of separate encounters for indicator visits was counted and compared between the case-control matched pair using a paired analysis that adjusted for the correlation within case-control groups. For the absolute differences, the number of ED visits for a particular case was subtracted from the number of ED visits for their matched controls. These differences were then averaged for each visit type. For relative differences, the number of visits for cases and controls was compared as a ratio of counts. CIs were calculated using general linear modeling and generalized estimating equations (GEE) with an exchangeable correlation matrix. 19 This method calculates standard error estimates that adjust for the correlation within each case-control stratum. For absolute differences, we used the normal distribution and an identity link. For relative differences, we used the Poisson distribution and a log link.
The time distribution of health care encounters in days leading up to homicide incident was compared between the cases and controls using the uniform distribution, with an expected value of 2545 days (midway point in the 3 years) as the expected median value under the null hypothesis. SAS software (version 8.2; SAS Institute, Inc., Cary, NC) was used throughout. PROC PHREG was used for the conditional logistic regression modeling; PROC GENMOD was used for general linear modeling. CIs for medians were calculated in SAS using PROC LIFETEST.
CIs were calculated at the 95% level throughout. The University of New Mexico Health Sciences Center and the University of New Mexico institutional review boards gave this study full review and approved the study design with a waiver of informed consent.
R E S U L T S
The demographic characteristics of the homicide victims and offenders, separately and together (cases), and their matched controls are presented in Table 2 . Offenders were more likely men (victims 73.4%; offenders 86.2%; difference 12.8%; 95% CI 3.1% to 22.5%) and were slightly younger (2.7 years; 95% CI 0.03 to 5.5 years) 
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compared with victims. Because of matching, age and sex characteristics of cases and controls were similar. The year of the homicide, weapon use, and incident location are also shown in Table 2 . Victims and offenders had nearly equivalent patterns of health care visits ( Table 3 ). The ED was the most common site of health care access for victims and offenders (victims 84.7%; offenders 84.8%), followed closely by other outpatient sites (victims 83.1%; offenders 80.4%). Approximately one quarter of victims and offenders had been admitted to the hospital for at least 1 day (victims 29.8%; offenders 24.6%). Slightly more than one quarter of the homicide victims and offenders (victims 30.6%; offenders 25.4%) ever had an identified primary care physician. Only drug abuse visits (victims 3.2%; offenders 10.1%; difference 6.9%; 95% CI 0.1% to 13.4%) and firearmrelated visits (victims 2.4%; offenders 8.7%; difference 6.3%; 95% CI 0.1% to 12.4%) stood out as different between victims and offenders.
Because of the similarities of victims and offenders, we analyzed them together as cases and compared them with controls ( Because the youngest offender was 15 years old but a small number (N=7) of victims were younger than 15 years, we conducted an analysis on cases and controls who Schematic representation of the comparison of case and control health care use before the homicide event. Only 2 controls shown.
were at least 15 years of age to eliminate any potential age confounding from the young age group. Elimination of these cases and controls from the analysis did not appreciably change the results. Among the cases, the number of ED visits increased significantly as the day of the homicide incident approached and differed significantly from the pattern observed in the controls. Figure 2 presents a histogram of the number of days that each ED visit occurred before the homicide incident for the ED visits of cases and controls. The median value (in days) for the distribution of ED visits for cases (median 2402 days; 95% CI 2434 to 2364 days) was closer to the homicide incident than was the median value for control ED visits (median 2487 days; 95% CI 2498 to 2474 days). A similar pattern of increasing visits was observed for the homicide victims and offenders. We could not identify any particular visit types that accounted for this skewed pattern.
L I M I T A T I O N S
Our data are limited by the use of billing records to characterize visit diagnoses and not actual medical record abstraction. It is possible that some subjects had diagnoses that were apparent in reading the record but were not entered as diagnoses in the billing codes. We are performing medical record abstractions on the cases to determine whether more specific and discriminative information about their visits can be obtained. Other weapons used included unspecified/unknown (4), motor vehicle (3), and fire/incendiary device, drugs/narcotics, and none used (1 each).
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We examined the health care use at only 1 of Bernalillo County's hospitals, suggesting a potential source of selection bias. University of New Mexico Health Sciences Center is the area's only Level I trauma center; therefore, it receives a disproportionate number of trauma patients. One may infer, however, that because the University of New Mexico Health Sciences Center is the only trauma center that this study likely captured a more complete assessment of serious trauma among the cohort than for medical illness, which may be observed at any number of local EDs. We have no data on the stability of this population in regard to movement in or out of the hospital catchment area or changes in economic status for either cases or controls. It is possible that previous violence, injury, or medical conditions have affected patterns of health care use differently. A statewide or regional database of health care visits would help address these limitations.
Only a subset of the total number of homicide victims and offenders is represented in our analysis. Homicide victims and offenders who used our health complex were more likely Hispanic and came from disadvantaged communities compared with those who did not use our health care system. Thus, we caution that our findings may not be generalizable to those who did not use our health care system. Whether the lack of health care utilization at our health system denotes generally better health or selection of other health care facilities (because of geography or financial capacity) is uncertain. Therefore, we limit our findings to patients who do use our services. Of note, however, this subset of homicide victims and offenders differs substantially from our health care system's average health care user.
In a few instances, our control selection routine failed to produce 5 controls for each case. We believe that this failure was due to a faulty programming routine that did not return to the start of the control selection list when the sampling routine began near the end of the list. We do not believe that this error introduced any significant biases.
A priori, we limited our investigation to a specific list of potential ''at-risk'' identifiers. We did not investigate whether certain chronic medical conditions (eg, asthma, chronic pain) were associated (perhaps inversely) with future violence. Because a broad list of ICD-9 billing codes are required to capture these conditions, a medical record abstraction of medical history may prove a more useful method to identify this type of marker.
We did not have any direct measures of ethnicity or markers of socioeconomic status (eg, education, income, occupation). These factors likely would prove useful in differentiating future violence risks. Because such markers may be risk factors for homicide and correlates of the exposure studied here, failure to control for them may be a source of uncontrolled confounding. Future studies should explore these relationships more thoroughly to determine their roles as potential confounders.
Finally, our findings are subject to standard admonitions about case-control study designs, including misinterpretation of ORs as relative risks, selection bias, and limitations of retrospective data. Our data are not, however, subject to recall bias because we used data collected for other reasons (billing records) to capture health care use.
D I S C U S S I O N
Our study identifies health care usage patterns by victims and offenders that differ significantly from those of a similar age and sex group. A careful examination and combination of these factors may lead to the prospective 
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identification of individuals during an ED visit who are at increased risk of future violence. Victims and offenders tended to use the ED more than any other health care resource, suggesting that the ED is a good place to identify and refer cases. The accelerating pattern of ED visits as the homicide incident approached also suggests a potential red flag to identify patients at risk for serious future violence. The pattern of increasing ED visits is consistent with theoretic and empiric work in criminology, which suggests that those at increased risk for violent offending and victimization often have a lifestyle that exposes them to violence, drugs, and alcohol use, all of which could increase the need for health care. 12, 13, 20 Recent work by Hensen et al 21 has also noted a pattern of increasing calls for service among emergency medical services in the immediate geographic area of the homicide incident in the days and weeks before the homicide. This observation in the out-of-hospital arena is analogous to our observation of clustered visits proximate to a violent event. In addition, an increase in emergency medical services calls for service will likely result in increased numbers of ED visits. The homicide rate in the United States exceeds that of any other high-income country, 22 underscoring homicide and violence as a national public health problem. 1 EDs are charged with the task of treating injuries resulting from violence but are also well situated to take a proactive role in preventing violence. 23 have taken the position that health care providers are encouraged to screen patients for intimate partner violence and make appropriate referrals. These types of activities may serve as an intervention model for other forms of interpersonal violence. Although the efficacy of intimate partner violence screening programs is not well established, 24 such activities have construct validity. Referral of patients with a history of substance abuse may be an important target population because substance abuse treatment has been shown to decrease violence experienced among couples with a history of intimate partner violence. 25 Intervention programs among adolescent youth have also been shown to reduce self-reported high-risk behaviors among disadvantaged youth. 26 If we are able to identify and intervene with at-risk patients by mobilizing the broad array of existing resources in medicine, mental health, social services, and substance abuse services toward the prevention of injuries and deaths from violence, we may have success with this public health crisis. 1 Further study is needed to assess the effectiveness of violence intervention programs in the ED setting. 27 The association of homicide and mental illness, especially substance abuse-related, alcohol-related, and drugrelated visits, is consistent with previous retrospective and cross-sectional studies that have demonstrated a positive correlation between alcohol and drug use and homicide victimization and offending. 3 Our study documents this association with nonconcurrent prospective data (ie, the substance abuse diagnoses were established before the homicide incident in data collected for routine purposes). Victims and offenders also had more ED injury visits, including assault and firearm visits, with firearm visits showing the strongest association. These factors may identify future homicide victims and offenders.
Although previous ED firearm injury visits are uniquely predictive of homicide involvement among men, we observed stronger associations of previous ED visits for non-firearm-related injury, mental illness, and substance abuse for women compared with men. These observations are consistent with previous studies in the criminology literature, which have shown higher rates of mental illness and substance abuse among female offenders. 28 After stratifying by sex, we no longer noticed an association of previous mental illness diagnosis among male cases compared with male controls, which may in part be due to greater acceptability and use of mental health services among women compared with men, leading to a relatively greater likelihood of recognizing and diagnosing mental illness in women. These differential observations between men and women suggest that sex-specific criteria may be needed to identify future violent victims and offenders.
The similar health care utilization patterns of victims and offenders demonstrate that victims and offenders represent a similar at-risk population. Although health care has traditionally viewed victims and offenders as distinct and separate populations, previous sociologic studies support the theory that offender and victim groups overlap significantly and represent the same violenceexposed population. [29] [30] [31] Our study provides initial evidence that health care providers may be able to identify patients at higher risk of either committing or becoming a victim of future interpersonal violence. Several factors suggest that this identification may be possible. First, it is important to note 
the striking similarities between homicide victims and offenders and their differences from controls. Second, there are specific types of health care and ED visits, including visits for mental health, drug and alcohol use, and injuries (especially assault or firearm injury), that put these patients at higher risk for future homicide involvement. Finally, homicide victims and offenders exhibited a pattern of increasing ED and health care utilization over time that suggests an increased risk of future violence. Whether a combination of these factors with additional characteristics, such as socioeconomic factors and criminal or victimization histories, will have sufficient sensitivity and specificity to identify future violent incidents deserves further study. These factors appear to allow identification of patients at higher risk of future homicide involvement, which we hope will allow intervention and prevention of future violence and homicide.
